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October 20, 2015

Overview
 Brief regulatory background
 The early history of safety thresholds for food-contact
materials
 The problem with zero
 The evolution of the current safety assessment
paradigm
 The threshold of toxicological concern and the future?
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Food-Contact Regulation
 Indirect food additives
 Reasonably expected to migrate to food
 Generally recognized as safe
 Safety standard: Reasonable certainty of no harm
 No risk-benefit paradigm
3

Safety of Plastics in Contact With Food:
Ancient History
 The origins of food toxicology/safety assessment
– O. Garth Fitzhugh and Arnold Lehman
– Testing Thresholds—The dose makes the poison-50ppb
– Today

 Closing in on zero
 Thresholds
– 50 ppb migration—LL Ramsey
– 100 ppb migration--Frawley
– 1.5 micrograms per person per day
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Frawley’s TOR Proposal
 Analyzed the no effect levels (NOELs) for the noncarcinogenic toxic effects observed in 2 year chronic
studies of 220 compounds.
 10 ppm – NOELs all above this level except for 19
pesticides or heavy metals.
 1 ppm – NOELs all above this level except for 5
pesticides.
 Recommended a TOR of 0.1 ppm (100 ppb). 100 fold
safety factor for all but pesticides/heavy metals.

Disadvantage Of Frawley’s TOR Proposal

 TOR level was not based on a consideration of
carcinogenicity.
 Using a linear at low dose model, the dietary
concentration corresponding to a negligible, one in a
million, carcinogenic risk would be the most
appropriate endpoint from which to extrapolate a
TOR.

Other “Arcane” TOR Proposals
Lessel L. Ramsey (1969) –FDA’s Assistant Director of
Regulatory Programs.
A 50 ppb migration level TOR was chosen based on
its practical value (i.e., based on the detection limits of
the then current analytical methods)).
SPI (1977) – The TOR would be non detectable
migration using a method sensitive to at least 50 ppb
unless the substance presents a significant risk of
harm.)

Monsanto v. Kennedy
613 F. 2d 947
(D.C. Cir. 1979))

 The Commissioner of the FDA may determine that
the level of migration into food……is so negligible as to
present no public health concerns and …..may
decline to define a substance as a food additive
even though it comes within the strictly literal
terms of the statutory definition of a food additive.

“Modern Era” TOR Proposals
Rulis et al (1987) - - published a probabilistic
approach to establishing a TOR based on the analysis
of 343 carcinogens. Key concept in providing a
scientific basis for picking a suitable TOR. No specific
TOR chosen at that time.
FDA’s Pilot Study (1989) - - < 0.1 ppb pass
>1.0 ppb fail
0.1 – 1.0 ppb “grey zone”
Munro (1990) - - 1 ppb
FDA’s proposal (1993) and final rule (1995) - - 0.5 ppb

“Probability Distribution”
 Excellent way of plotting carcinogenic toxic effects for
known carcinogens. One can readily see how the
potencies of the 343 carcinogens occur over a
predictable range of exposure.
 Because it is a probability distribution, one can use
this curve to predict the likelihood that an unstudied
compound would pose a negligible/non-negligible risk.

“Probability Distribution”
 Peak position corresponds to approximately 1 ppb.
These compounds would have a 10-6 risk at 1 ppb.
 Since exposure is decreasing from left to right, 50% of
the 343 compounds (left half of the curve) may result
in an upper bound risk greater than
10-6 at 1 ppb.
 50% (right half of curve) would pose a potential
upperbound risk greater than 10-6 at 1 ppb.
 At 0.5 ppb, ~66.6% of the compounds would have a
risk less than 10-6; ~33.3% > 10-6 risk

FDA’s TOR of 0.5 ppb
 33% probability that if a unstudied compound were later
shown to be a carcinogen, it would have a risk
greater than10-6 at 0.5 ppb.
 5% probability that an unstudied compound would even
be a carcinogen. ( Milton Weinstein, Public Policy, Vol
27, p 353, 1979 and Huff et. Al., 1995)

 1-2% overall probability of non-negligible risk?
 Other conservativisms
 Using SAR techniques to spot potential “bad actors”,
overall risk would be expected to be well below 1%.

FDA’s Food Contact Review : Chemistry Data
 Identity data
 Manufacturing data
 Data on all potential impurities, etc.
 Use and use levels
 Stability data
 Technical effect data
 Exposure data
– 100% migration – based on use level
– Migration modeling
– Extraction testing under most severe conditions of use

www.steptoe.com
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Exposure: To What?
 Primarily oligomers
 Colorants
 Plasticizers
 Antioxidants
 Fillers
 Catalysts
 Other adjuvants
 Breakdown products
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FDA’s Food Contact Review: Exposure
 Verify FCS identity and identity of constituents
– Specific manufacturing process

 Estimate consumer exposure
–
–
–
–

100% migration (repeat use vs. single use)
Migration levels (or modeling) * Consumption Factors
Other limits include food type
Typical assumption of 10 grams of food in contact with 1 sq. inch
of food contact material

 Proposes limitations in use

www.steptoe.com
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Consumer Exposure
Dietary Concentration (DC)
DC = CF x <M>
CF, the consumption factor, represents the ratio of the
weight of all food contacting a specific packaging material
to the weight of all food packaged.
<M> is the migration into food or simulants.

www.steptoe.com
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Migration into Food <M>


Based on results from migration studies and FDA food
type distribution factors (fT)



Concentration in food:
<M> = (faq+fac)M10% EtOH + (fal)M50% EtOH+ (ffat)Mfat
(µg/kg food)



100% migration



Migration modeling
- Fickian diffusion
- Migration database
DC = CF x <M>

www.steptoe.com
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100% Migration
In some cases where the use level of the FCS is low, it may
be possible to dispense with migration studies altogether by
assuming 100% migration of the FCS to food.


Single-use articles require:
formulation information or chemical analysis for
concentration of residual migrant in the FCS

www.steptoe.com
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Single and Repeated-Use
 Single use is a worst case for food contact
– Everything migrates into a relatively small quantity of food
– Need to take into account conditions of use

 Repeat use
– Think of a conveyor belt in a factory that lasts 10 years while a
million tons of food crosses it.
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Conditions of Use
 Relates anticipated use to
– Types of food
• aqueous, acidic, alcohol and fatty

– Conditions of use
• temperatures and times for food processing and extended storage
• single or repeat use

 Determines migration protocol
 Definitions in Tables 1 & 2 of 21 CFR 176.170(c)

Table 1
 Classification of foods (food type)
– Nonacid (pH>5), aqueous (I)
– Acid, aqueous (II)
• includes oil-in-water (O/W) emulsions

– Aqueous, acid & nonacid (III)
• with free oil or water-in-oil (W/O) emulsions

– Dairy (IV)
• includes O/W (IVA) and W/O emulsions (IVB)

– Low moisture fats and oil (V)

Table 1(cont)
– Beverages (VI)
• up to 8% alcohol (VIA)
• nonalcoholic (VIB)
• >8% alcohol (VIC)

– Bakery, other than dry solids (VII)
• no surface fat or oil (VIIA)
• with surface fat or oil (VIIB)

– Dry solids with no surface fat or oil (VIII)
– Dry solids with surface fat or oil (IX)

Table 2
 Time/temp. conditions (use A-H)
–
–
–
–
–
–
–
–

High temp. heat sterilized (>100C) (A)
Boiling water sterilized (B)
Hot filled or pasteurized >66C (C)
Hot filled or pasteurized <66C (D)
Room temp. filled and stored (E)
Refrigerated storage (F)
Frozen storage (G)
Frozen or refrigerated storage; ready-prepared foods, reheated
in container at time of use (H)

Migration Studies
 Accelerated temp. & time conditions
– Intended to simulate thermal processing & extended storage

 Protocols should be consistent with proposed use
–
–
–
–

Maximum use level
Polymer(s)
Food types
Time and temp. conditions

Migration Studies (cont)
 Study design
– Migration cell
• single- or double-sided exposure
• gas-and liquid-tight seals
• mild agitation

– Test sample
• formulation (highest level of FCS)
• sample thickness and surface area
• polymer properties e.g., Tg, sorption
• Worst case polymer

Migration Studies (cont)
– Recommended food simulants TODAY
• aqueous, acidic and low alcohol foods
– food types I, II, IVB, VIA,B and VIIB (10% ethanol)

• high-alcohol foods
– food type VIC (50% ethanol)

• fatty foods
– food types III, IVA, V, VIIA and IX
– food oil or synthetic fat (Miglyol 812, HB307)
– 95% ethanol (polyolefins)
– 50% ethanol (rigid PVC, PS, RMPS, PET)

Migration Studies (cont)
– Single service testing protocols (A-H)
• A, 121C/2 h, then 40C/238 h
• B, 100C/2 h, then 40C/238 h
• C, 100C/0.5 h, 40C/238 h
• D, 66C/0.5 h, 40C/238 h
• E, 40C/240 h
• F, 20C/240 h
• G, 20C/120 h
• H, 100C/2 h

– Extended storage time in test
• polymers used at T>Tg, 10 days
• polymers used at T <Tg, 30 days

Migration Studies (cont)
 Migrant analysis
– Sample extracts over time
– Adjuvants
• analyze for FCS, impurities and decomposition products

– Polymers
• TNEs or chloroform-soluble TNEs
• nature of TNEs, including oligomers, impurities (monomers, solvent), and
decomposition products

– Reporting results
• single service (10 g food per sq. inch)
• repeat use (representative ratio)

 Method validation
– spiking/recovery studies
– analysis by two independent methods

Alternatives to Testing
 “Worst-case” scenario
– Often adequate for low exposure applications, i.e., low use
levels, thin films/coatings or repeat use applications
– 100% Migration to food over the service lifetime of food contact
article
– Based on formulation or residual levels and food mass-tosurface area ratio

 Modeling
– Diffusion modeling in polymers
• using Fick’s law & diffusion coefficients

Diffusion Modeling
 ADL and NBS (NIST) studies
– Migration predictable
– Migration to food generally less than that to food simulants

 Simple case
Dp t
m
Mt   = 2Cp0
π
A

Diffusion Modeling (cont)
 Simple case (cont.)
–
–
–
–
–

Migration is diffusion-controlled
Migration follows Arrhenius behavior
No partitioning effects (K=1)
No external phase effects
Well mixed

 Magnitude of overestimate
– acceptable from a regulatory viewpoint
– more realistic than 100% migration

Diffusion Coefficients (DC)
 Unknown parameter is diffusion coefficient
– Experimentally derived
• M(t) vs t for T, then D(T) vs 1/T
• FDA’s migration modeling project

– Open literature
• e.g., BHT, BHA, DOP, DOA, cyclic trimer, Irganox, styrene, AN,
benzene

– FDA/DFCN Migration Data Base

Diffusion Coefficients (cont)
 Empirical relationships
– Specify migrant MW, polymer, and temperature

 Fraunhofer (Piringer) equation
 FDA (Limm) equation

 1 
Dp = 10 4 exp A p − a(MW ) − b 
 T 

1/ 3
(
)
K
MW
ln Dp = ln A + α(MW )1 / 2 +
T

Diffusion Coefficients (cont)
 Empirical equations do not explicitly consider
–
–
–
–

Molecular shape
Polarity
Polymer plasticization
Polymer morphology

 More sophisticated software solutions are available

Toxicology Testing Regimen
Minimum Toxicity Tests

Exposure Level
(micrograms/person/day)

Literature Search

<1.5

Ames Assay

>1.5< 150

Mouse Lymphoma Assay or
In vitro Chromosome Aberration test

>1.5< 150

In vivo Chromosome Aberration Test

>150 <3000

Subchronic Toxicity Test with Rodents

>150 <3000

Subchronic Toxicity Test with Non-rodents

>150<3000

Repro study w/ teratology phase

>3000

One-Yr toxicity test with non-rodents

>3000

Carcinogenicity study with rodents

>3000

Chronic tox/ carcinogenicity study with
rodents

>3000

FDA’s Food Contact Review: Toxicology

 Review of pivotal data and minimal SAR review
performed on all significant migrants.
 Positive or equivocal results in genetic toxicity testing
may result in a need for detailed SAR analysis of likely
carcinogenic risk.
 Detailed SAR analysis can incorporate analogue
analysis or the use of commercially available software
for predictive toxicology.
 Minimal SAR review may indicate a need for in-depth
SAR review or for additional specialized testing.

Bailey et al. 2005. Reg. Tox. Pharm. 42: 225-235

Estimation of an ADI

 Lowest no effect level
– NOAEL not always considered

 Safety factor
– 100-fold for chronic data
– 1000-fold for less than chronic data
– Additional factors to account for deficiencies

 CEDI/ADI database

Exposure Assessment
 Carcinogenic constituents
– Risk estimate= exposure x unit risk
– Exposure determined by analysis for constituent in migration
studies, or use an alternative method to evaluate levels in food
– Unit risks available for some common carcinogenic
constituents

FDA’s Food Contact Program:
Safety Review For Polymers
 The main exposures are generally to oligomers and
monomers.
 Oligomer exposure to species below MW of 1000.
(Based on H atomic weight, halogen substitution may
increase this limit)
 Chemist, toxicologist, and SAR analyst consider likely
structure
 Comparative SAR can be performed
 Analysis determines acceptability of data

FDA’s FCN Program:
Safety Review For Polymers
 Safety data specifically on oligomers is acceptable
 Safety data on monomers may be acceptable
depending on structural analysis
 If safety review has been previously performed on
some oligomers only new oligomers considered

FDA’s FCN Program: Safety Review For Polymers

Threshold of Toxicological Concern
A Tool for Compliance
 TTC Is A Risk Assessment Framework
– Based on safe human exposure levels derived from analysis of
a broad range of toxicity data on cancer and non cancer
endpoints
– Cancer data and structural analysis are those underlying FDA’s
Threshold of Regulation and are discussed in Cheeseman et
al. 1999 and Kroes et al 2004
– Non cancer data consists of data on over 600 compounds
derived from EPA IRIS and other publically available data sets.
Munro et al. 1996
– Non cancer data analyzed and separated into three structural
classes based on knowledge of metabolism and toxicity
Cheeseman, M.A., Machuga, E.J. & Bailey, A.B. (1999). A Tiered Approach to Threshold of Regulation, Food and
Chemical Toxicology 37, 387-412.
Kroes, R., Renwick, A.G., Cheeseman, M., Kleiner, J., Mangelsdorf, I., Piersma, A., Schilter, B., Schalatter, J., van
Schothorst, F., Vos, J.G. & Würtzen, G. (2004). Structure-based Thresholds of Toxicological Concern (TTC):
Guidance for application to substances present at low levels in the diet, Food and Chemical Toxicology 42, Issue 1, 6583.

The Data Set
 Non-Cancer Data Set
– Developed by Munro et al. in 1995-96 to address the safety of
food flavors
– Data on 613 chemicals drawn primarily from EPA data bases

 Cancer Data Set
– Developed by Cheeseman et al. 1997-98 to update FDA’s
Threshold of Regulation Policy
– Data on 651 chemicals drawn from the Gold Carcinogenic
Potency Data Base (CPDB)

Cramer Decision Tree
Cramer, Ford & Hall (1978) classified chemicals into
3 structural classes based on then available
knowledge on:
 Toxicity conferred by certain structural groups
 Whether the substance occurred naturally in food
 Whether it was naturally present in the body
 What was known about its metabolism
(Food Cosmet Toxicol 16, 255-276, 1978)

Cramer Decision Tree
Class I
Substances with simple structure suggesting efficient metabolism
and a low order of toxicity

Class III
Substances with structures that permit no strong initial
presumption of safety or which suggest significant toxicity

Class II
Anything that cannot be put into Class I or Class III

TTC Non Cancer Analysis

 CCI: 137 chemicals
 CCII: 28 chemicals
 CCIII: 448 chemicals
 Plotted distribution of the most conservative
NOELS for chemicals in each Cramer Class

TTC Non Cancer Analysis

Class I
Class II

Class III

5th Percentile NOEL

49

TTC Safe Human Exposure Levels
 Structural Class I – 1800 mcg/p/d
 Structural Class II – 540 mcg/p/d
 Structural Class III – 180 mcg/p/d* Remember the number
 Assumes 60 kg body weight, applies 100-fold safety factor
• Kroes et al. 2004 proposed 90mcg/p/d, Kroes updated in 2008 to
180 mcg/p/d
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Kroes et al. 2004 Cancer*
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Kroes et al. 2004 Non Cancer*
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Peer Review of TTC
 EFSA (2009) — 96% More Conservative Than
Traditional Review For Pesticide Metabolites
 EFSA (2011) – 96% More Conservative Than
Traditional Review For Food Contact Materials
 EFSA (2012) --- Database and Decision Tree is
Sufficiently Conservative
 WHO/EFSA (2015) --- Expert Consultation On Utility
Now and into the Future
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Fraunhofer: RepDose studies vs Munro (1996)
Studies
http://www.fraunhofer-repdose.de/index.php
 Evaluated the 181 compounds in RepDose with oral NOELs
and compared the 5th percentile NOEL with Munro reported
values.
Cramer Class

RepDose
5th % NOEL

Munro
5th % NOEL

III

0.4 mg/kg/day

0.15 mg/kg/day

II

(too few chemicals)

I

23 mg/kg/day

54

3 mg/kg/day

Kalkhof et al. 2011
 Data from a regulatory database selected from studies
performed according to OECD 407 and 408
 813 chemicals
 NO overlap with Munro database
Cramer
Class

Munro TTC
(ug/day)
(ug/kg/day)

Kalkhof TTC
(ug/kg/day)

III

90 ug/day

1.5 ug/kg/day

13 ug/kg/day

II

540 ug/day

9 ug/kg/day

25 ug/kg/day

I

1800 ug/day

30 ug/kg/day

25 ug/kg/day

55

Questions?

Dr. Mitchell Cheeseman
Managing Director
202.429.6473
mcheeseman@steptoe.com

www.steptoe.com
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